The activity of the enzyme responsible for the synthesis of cytidine diphosphate diglyceride has been found in the 20,000g pellet of a cauliflower (Brassica oleracea) inflorescence homogenate. Greater enzyme activity was found in the pellet after treatment with 0.0270 Triton X-100, or after freezing and thawing. Activity was greater when fluoride was included in the reaction mixture. The enzyme has a pH optimum of 5.6, an optimal Mn2+ concentration of 1mm
ugation. Debris and nuclei were removed by centrifugation for 10 min at 800g. The supernatant was centrifuged at 20,000g for 30 min to sediment the mitochondrial fraction. The sedimented particles were suspended in the homogenizing medium and recentrifuged. This washed pellet was suspended in 20 ml of the appropriate buffer with the aid of a Potter-Elvehjem glass homogenizer and was used as the enzyme source. One gram of the fresh tissue usually gave 1 mg of mitochondrial protein. All operations were performed at 0 C.
The enzyme preparation was sometimes subjected to freezing and thawing: cauliflower mitochondria, prepared in the homogenizing solution described above, were frozen in a Dry Iceacetone bath and then thawed in a water bath at room temperature. This treatment was quickly repeated four more times. The thawed suspension was centrifuged at 20,000g for 30 min, and the pellet was washed once by resedimenting from the homogenizing solution. The pellet then was suspended in trisHCl (0.01 M, pH 7.5) for use in the subsequent experiments. The supernatant from the frozen and thawed mitochondrial preparation showed no activity in CDP-diglyceride synthesis.
The enzyme preparation was sometimes treated with Triton X-100. Cauliflower mitochondria were prepared by differential centrifugation as described above, and the washed pellet was resuspended in 0.1 M tris-HCl, pH 7.5, which was 0.02% (w/v) with respect to Triton X-100 (CalBiochem, Los Angeles, Calif.) by using a Potter-Elvehjem homogenizer. The suspension was centrifuged at 20,000g for 30 min, and the pellet was washed by suspension in buffer and recentrifugation. The washed pellet was resuspended in buffer appropriate for the subsequent experiments and showed enhanced activity in biosynthesis of CDP-diglyceride. The enzymatic activity of the Triton X-100 supernatant was not checked.
Reaction Mixtures. The compositions of reaction mixtures are described with the appropriate tables and figures. A typical reaction mixture consisted of 100 ,umoles of phosphate buffer, pH 6.0; 1.5 ,umoles of MnCl2; 302 ,u,umoles of 14C-CTP (2.22 x 105 dpm), and 8 to 12 mg of mitochondrial protein in a final volume of 1.5 ml. The reaction was normally run at 30 C for 10 min.
Lipid Extraction. At the end of the incubation period, the lipid was extracted by a slight modification of the method of Bligh and Dyer (3) . Three milliliters of methanol-chloroform (2:1 by volume) containing 0.1 N HCI was added to 1.5 ml of the reaction mixture and shaken to obtain a monophasic system. One milliliter of chloroform and 0.3 ml of water were added, and the mixture shaken and centrifuged to give a biphasic system. The chloroform phase was withdrawn and washed with 0.1 N HCI. The use of HCI during extractions and washing ensures that the CDP-diglyceride is extracted into and remains in the chloroform phase.
Assay of Radioactivity. One aliquot of the lipid solution, obtained as described above, was placed in a scintillation counter liters of scintillation fluid were added, and the radioactivity was assayed in a Nuclear-Chicago (Des Plaines, Ill.) liquid scintillation counter. Usually 10,000 counts per sample were accumulated in order to obtain reliable counting statistics. Radioactivity in counts per minute was obtained after background subtraction and quenching, measured by the channels ratio method. Counts per minute were converted to disintegrations per minute on the basis of counting efficiency. Disintegrations per minute were converted to micromicromoles based on the specific radioactivity of the '4C-CTP.
Chemical Synthesis of CDP-Diglyceride. CDP-diglyceride was prepared from PA and CMP morpholidate according to the method of Agranoff and Suomi (1). The CMP morpholidate was obtained from Sigma Chemical Company St. Louis, Missouri. PA was prepared from cauliflower phospholipids by digestion with cabbage leaf phospholipase D (9) . The cauliflower phospholipids were obtained by extracting 1 kg of cauliflower inflorescence according to the Bligh and Dyer method (3). The crude lipid was applied to a silicic acid column (50 g) and eluted with 350 ml of 10% (v/v) methanol in chloroform. This eluate was discarded. The phospholipid fraction was eluted with 350 ml of methanol. The cauliflower phospholipids were treated with cabbage leaf phospholipase D, and the PA was purified as described by Kates (10) .
An an example of CDP-diglyceride synthesis, 56 mg of CMP morpholidate and 56 mg of PA were reacted for 72 hr in 10 ml of anhydrous pyridine. The purification of the product yielded 18 mg of CDP-diglyceride. CDP-diglyceride is soluble in chloroform as the free acid. The aqueous dispersion of the salt form can be stored at -20 C without degradation.
CDP-diglyceride was measured spectrophotometrically at 280 nm in 0.01 N HCI, assuming a molar absorbancy at pH 2 of 13 X 106 mole-' cm2 (14) .
Analytical Methods. Protein was measured by the method of Lowry et al. (12) .
RESULTS
Identification of the Radioactive Product. The lipid product obtained by incubating '4C-CTP with the enzyme preparations has been shown previously to be identical with the CDP-diglyceride synthesized by guinea pig liver microsomes (17) .
The radioactive product was compared with chemically synthesized CDP-diglyceride. The two compounds behaved identically when chromatographed on thin layer plates of Silica Gel G in two different solvent systems: (a) chloroform-pyridine-formic acid (50:20:7, v/v) and (b) chloroform-methanol-acetic acidwater (50:25:7:3, v/v). The compounds were compared by assay of radioactivity of the biosynthesized material and by charring of the chemically synthesized material with sulfuric acid-dichromate.
Inhibition or Removal of CTPase. In our previous communication (17) we noted the presence of enzymes that break down CTP which is used as the substrate. Various treatments have been used to increase the incorporation of CTP into CDP-diglyceride, guided by the thought that the most deleterious activity is CTPase.
1. Fluoride is known to inhibit ATPase activity, and therefore, its effect on CDP-diglyceride synthesis was tested, with the hope that CTPase would be inhibited. The data presented in Table I show that the synthesis can be enhanced somewhat in the presence of fluoride, and thus it was included in some of the reaction mixtures.
2. Triton X-100 was used in an attempt to remove competitive enzymes from the particle-bound capability to synthesize CDPdiglyceride. The data in Table II indicate that low concentrations of Triton X-100 stimulate the synthesis of CDP-diglyceride; however, at higher concentrations the Triton X-100 inhibits the activity. From such experiments as represented in Table II , a concentration of 0.02% (w/v) was chosen as giving greatest stimulation of synthetic activity. Figure 1 . Effect of pH. The synthesis of CDP-diglyceride was measured over the pH range 3.7 to 7.5 in acetate and phosphate buffers. The incorporation of '4C-CTP into lipid was the fastest at pH 5.6. The pH profile presented in Figure 2 indicates that there was no buffer 6 Figure 3 shows an experiment of this type in which inositol had the predicted effect. Essentially similar results were obtained when glyceryl 3-phosphate was added.
Effect of Added Phosphatidic Acid. The formation of CDPdiglyceride is presumed to take place in plant tissues by the same pathway as elucidated in other organisms: CTP + PA --CDPdiglyceride + PPi.
If this were the case, PA may be expected to stimulate the synthesis of CDP-diglyceride. This has never been observed. X 104 dpm), and 7 mg of enzyme protein (Triton X-100 treated; see Materials and Methods) in a final volume of 1.5 ml. Incubation was at 30 C for 5 min, and then 556 ,uMmoles of inositol (in 0.01 ml) were added to one set of tubes, and incubation was continued for 5 min. 
DISCUSSION
The participation of CDP-diglyceride in the biosynthesis of PI was first described by Paulus and Kennedy (14) , who used a microsomal fraction from chicken liver. Work from the same laboratory later showed that CDP-diglyceride was also required as an intermediate in the biosynthesis of phosphatidyl glycerol (11) . The biosynthesis of CDP-diglyceride has since been shown in guinea pig liver (5) , embryonic chicken brain (15) , Micrococcus cerificans (13), Escherichia coli (4), and Saccharomyces cerevisiae (8) . As far as the plant kingdom is concerned, Sastry and Kates (16) (2) have noted that the highest specific activity of their enzyme preparations from cauliflower and soybean was observed in the microsomal fraction, but they have also reported that mitochondria purified by density gradient centrifugation have even better activity than the crude mitochondrial preparation. These preparations were examined microscopically and were found to be pure. It seems unlikely that the activity of the mitochondria is due to microsomal contamination.
